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Abstract: This paper briefly discusses a YAG high spectral resolution lidar (HSRL) system 
developed by the Ocean Remote Sensing Laboratory of the Ministry of Education of China, Ocean 
University of China (OUC). In this system, iodine vapor filter was used to reject the returning 
signal of aerosol. We got backscattering ratio using HSRL and the result indicated that the 
correlation index of backscattering ratio of aerosol and the total returning signal is about 0.8. We 
also developed a new method to measure backscattering ratio using ordinary aerosol lidar. We 
compared two different methods to measure the altitude of boundary layer, and the validation 
experiments showed that the deviation is about 0.13km.  
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1、 Introduction 
  Research on atmospheric aerosols have attracted extensive attention due to its role in human 
activities, climate change and biochemical circulation. Aerosol originated from atmospheric 
pollution is one of the most important factors in atmospheric pollution monitoring. Atmospheric 
aerosol has a great influence on the performance of visible remote sensing sensors and 
electro-optical system. Few data are available about the aerosol characteristics over the Eastern 
China Seas, where a large amount of dusts, which originate from the loess plateau exist in the 
atmosphere, thus making its distribution very complicated. 
Atmospheric aerosols vary with time, location and altitude frequently. The components of 
aerosols, which make it difficult to measure their refractive index and extinction properties, are 
also very complicated. 
The progress in modern lidar technology provides an effective means of measuring aerosols. 
The first attempt at detecting aerosols with lidar was initiated by Fiocco et al., and many other 
measurements have been carried out since then. These measurements include Mie scattering lidar, 
Rayleigh-Mie lidar, differential absorption lidar (DIAL) and multiple-wavelength lidar. Sasano 
used DIAL technique to determine aerosol and molecular distribution, while She et al proposed to 
measure the vertical profiles of aerosol and atmospheric properties using the high spectral 
resolution Rayleigh-Mie lidar. They used two barium atomic filters to measure atmospheric 
temperature, density and aerosol scattering parameters in their system. Fischer used two 
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 Fabry-Parot interferometers to detect the vertical distribution of winds and aerosols. Another new 
lidar technique for measuring aerosols is described in the following passages. This technique 
measures the Rayleigh scattering component of atmospheric molecules directly, where iodine filter 
was used to block the scattering component of aerosols to extract the contribution of Rayleigh 
component. Then scattering ratio measured by lidar was used to compute aerosol contribution. 
This kind of high spectral resolution method has potential application in the detection of aerosols 
in both troposphere and stratosphere, where aerosols are rare. We have built a YAG high spectral 
resolution lidar (HSRL) and detected atmospheric aerosols profile successfully. 
2、Experimental setup and methodology  
It is well known that Rayleigh scattering of air molecules, mainly due to Doppler broadening, 
yields a spectrum in the visible wavelength spreading over about 2.7GHz width at temperatures 
near 300K.The width of aerosol spectrum is confined to a region below 100MHz.The back 
scattering signals measured with lidar are composed of the contributions from both aerosol and 
molecules. At the marine boundary layer, the aerosol scattering signal is usually several orders of 
magnitude higher than molecular scattering. H Shimizu et al gave a typical sketch of atmospheric 
scattering spectrum and the typical variation of aerosol and molecular scattering with altitude was 
shown by McCormic. 
To detect aerosol, it is necessary to separate the aerosol scattering and molecular scattering. 
Previously, measurement of atmospheric parameters (such as atmospheric density for different 
altitudes) and Rayleigh scattering theory were used for directly computing the contribution of 
molecular scattering, however, these theoretically calculated values have significant error due to 
the influence of many other parameters. 
At present, high spectral resolution Fabry-Perot interferometers are used in HSRL lidar systems. 
But F-P etalon is very expensive, and it has such disadvantages as narrow field of view and low 
receiving efficiency, etc. At the beginning of the 1990s, a novel atomic or molecular absorption 
filter with high spectral resolution was developed. There are a number of advantages of molecular 
filters, including ultra-high Q value (105~106), narrow bandwidth (0.001nm), more-stable 
transmission characteristics, a much wider field of view (180°), and an ease of optical alignment. 
In addition, perhaps most important for the molecular filter method is its excellent ability to reject 
aerosol scattering. When operated at a frequency at the center of the absorption notch, the aerosol 
signal may be attenuated by better than 70 dB, allowing the aerosol scattering ratio to be measured. 
The excellent aerosol-rejection capability and the ease of optical alignment of molecular filter had 
been field tested, and the Wisconsin group replaced Fabry–Perot etalons with an iodine vapor 
filter in their lidar for the measurement of the aerosol-scattering ratio. Iodine molecular filter, 
which can work at low temperature and has several absorption lines near the output wavelength of 
double-frequency Nd:YAG laser (532nm), can serve as a high spectral resolution filter to take the 
place of Fabry-Perot interferometer . Iodine filters are also used in our experimental system as 
shown in Fig.1.  
The schematic diagram for lidar transmitter, receiver, and frequency control is shown in Fig. 
1.The master of the system is the two-wavelength diode pumped cw single-mode tunable Nd: 
YAG seed laser. The fundamental output at 1064 nm is used to seed a Continuum Powerlite 7000 
Nd: YAG pulsed laser, as shown in the upper part of Fig. 1.The 532-nm output of the seed laser is 
sent to iodine filter cell 1,shown in the lower part of Fig.1, to control and lock the seed laser 
frequency. 
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     Fig. 1. Optical Diagram for injection-seeded Q-switched pulsed Nd:YAG laser transmitter 
on the left panels. The lidar receiver is shown on the right, where the iodine cell 2 is the frequency 
discriminator. 
 
The received backscattered light is collected by a Cassegrain telescope with 300-mm aperture, and 
then passes through a temperature-controlled narrowband Daystar Corporation interference filter, 
bandwidth 0.15 nm, peak transmission 35.06%. As shown in the right of Fig. 1, the collected 
light is split into two channels; approximately 30% of it is detected directly by a photomultiplier in 
the reference channel, and the remaining light is passed through iodine filter cell 2 used for 
removing the aerosol component from the total backscattering signals and then detected by a 
second photomultiplier in the measurement channel. CR105 photomultipliers with gating control 
are used, and the signals from the two channels are digitalized by a dual channel 60-MHz, 14-bit 
analog-to-digital converter. Absorption line No. 1109 of the iodine is selected for our lidar system. 
Under the operating conditions, its normalized transmission function is shown in Fig. 2. 
 
 
 
Fig. 2.  Normalized transmission of absorption line 1109 
of the iodine filter near 532 nm. The wave numbers at 
reference point A and operation point are 18787.796 cm-1 
and 18787.830 cm-1 (1.02 GHz apart).  
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 The detection iodine cell, which is stabilized through control of separately, has been constructed 
and found to have long-term stability. Since the vapor density is more sensitive to change in iodine 
vapor pressure, the temperature of the cell finger is controlled to near 65 °C within 0.01 °C rms, 
while its cell body is near 70 °C within 0.1 °C. The resulting transmission curve for the vapor 
filter near 532 nm is shown in Fig. 2, where the absorption line center at 18787.796 cm is marked 
A. 
We can measure the aerosol backscattering ratio, Rb =(βa/βm), using the system by locking the 
frequency of the injection seed laser to the point A at the 1109 line center of the I2 filter where the 
aerosol backscattering will be mostly absorbed by the filter (measured to be 70dB). It is 
straightforward to show that the detected photo counts at a range r  in the total scattering 
reference channel, NR, and that in the measurement channel, NM, are given in Eq. (1) and Eq. (2), 
adopting from Hair et al., below:  
     [ ] ( ) ( )[ ]( )∫ ′+′−+⎟⎠⎞⎜⎝⎛ ∆= rrdrr rkN mamaRR ααββ 2exp2           Eq.1 
[ ] ( ) ( )[ ]( )∫ ′+′−+⎟⎠⎞⎜⎝⎛ ∆= rrdrffr rkN mammaaMM ααββ 2exp2      Eq.2 
Where: 
( ) ( )νν Ffa =                
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Which are, respectively, the aerosol attenuation factor due to iodine filter at the receiving 
frequency ν=ν0, the attenuation factor for Cabannes-Brillouin scattering by the iodine filter, and 
the expression showing that the normalized Cabannes-Brillouin scattering function, ℜ(ν, T, P) is 
used here. )(vF  is the transmission function of the iodine filter for the return signal; it is 
correlation of the measured (cw) iodine filter function and laser line shape function. In Eq.1 and 
Eq.2, kR and kM are system constants, respectively, for reference and measurement channel, 
depending on total laser emission energy, optical efficiency and range factor; and ∆r is the range 
resolution. βa and βm (αa and αm) are aerosol and molecular volume backscatter (extinction) 
coefficients, respectively. 
Setting fa =0 in Eq.1, the atmospheric aerosol scattering ratio Rb can be expressed as: 
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In this manner, the aerosol scattering ratio Rb can be measured with accuracy better than 10%.  
3、Experimental results, comparisons and discussion 
We measured backscattering ratio using our HSRL in October and December 2004, the weather 
conditions including fine, fog and cloudy day, approximately 1Km off Qingdao seashore. The 
traditional method to extract the backscattering ratio using the aerosol lidar is to gain the ratio of 
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 real and standard atmosphere backscattering signal. As stated above, the signal NM we received 
using HSRL is a signal without any influence of aerosol because the returning signal of aerosol 
has been rejected by iodine filter; in fact, it can basically represent the return signal profile of clear 
atmosphere. Therefore if there are similar conditions such as location, weather conditions, etc, we 
can get the backscattering ratio by our new method. (Shown in Fig.3 in cloudy day, Fig.4 in fine 
day, and Fig.5 in foggy day.) 
 
Fig .3 Backscattering Ratio βa/ βm          Fig.4 Backscattering Ratio βa/ βm  
(weather: cloudy)                         (weather: fine) 
 
 
 
 
Fig. 5 Backscatter Ratio βa/ βm (weather: fog) 
 
βm should be stable considering similar location and weather conditions, thus, what we need is  
measuring Nm just one time passing through iodine vapor filter by which we can get βm of 
different time. Then we can get different Rb with different returning signal profile. (Shown in Fig.6, 
Fig.7, Fig.8) 
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Fig.6 Backscattering ratio βa/ βm , Na and Nm at the same time 
 
Fig.7 Backscattering ratio βa/ βm          Fig.8 Backscattering ratio βa/ βm 
Na 23:35 October21, 2004;           Na 00:20 October22, 2004; 
Nm 00:10 October 22,2004           Nm 00:10 October 22,2004 
 
 
Fig.9 Correlation:0. 8881 
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Fig.10 Correlation: 0.8093 
 
Fig. 11 Correlation: 0.8737 
    
 
Fig.12 Correlation: 0.8611 
We can also get the altitude of boundary layer ( H ) by the differential of backscattering signal. 
To validate feasibility of this method, we can compare a series of altitude of boundary layer using 
the profile of Rb. with differential method (shown in table 1) 
 
 
Date 
 
H  determinated by Rb.（km）
H  determinated by the 
differential of backscattering 
signal（km） 
2004.10.15 1.25 1.45 
2004.10.16 2.00 2.01 
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 2004.10.19 0.85 0.73 
2004.10. 21 1.44 1.26 
2004.10.22 1.33 1.32 
2004.10.23 1.87 2.05 
2004.10.24 1.12 1.19 
Table1: altitude of boundary layer with different method (Deviation:  0.13) 
          
From table 1 above, we can get that the deviation is about 0.13km. Comparing the two methods, 
we can conclude that the differential method is feasible in determining the altitude of boundary 
layer. 
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